ABSTRACT Recent calculations of electron excitation rates for transitions in Ne ix are used to derive the theoretical density-sensitive ratio R =/(Is 2 1 S'-ls2s 3
I. INTRODUCTION
Emission lines arising from transitions in He-like ions are prominent features of high-temperature laboratory and astrophysical plasmas (Kolk, König, and Kunze 1986; McKenzie et al. 1985) . They may be used to infer the electron density and temperature of the emitting plasma through the well known R (=f/i) and G [ = (/+ i)/ r ] ratios, respectively, where/is the forbidden Is 2 1 S-ls2s 3 S transition (at 13.701 Â for Ne ix), i is the intercombination Is 2 1 S-ls2p 3 R 1 2 transitions (13.554 Â), and r is the Is 2 1 S-ls2p 1 P transition (13.446 Â) (Gabriel and Jordan 1969; Blumenthal, Drake, and Tucker 1972; Ermolaev and Jones 1973) . However, the theoretical determination of these ratios is critically dependent on the atomic data adopted in the calculations, especially for the electron collisional excitation rates between the ground state and the n = 2 levels (Gabriel and Jordan 1972) . Kingston and Tayal (1983a, b) and Tayal and Kingston (1984a) have calculated electron excitation rates for the forbidden and intercombination transitions in He-like C v, O vu, and Mg xi using the R-matrix method (Burke and Robb 1975) . Doyle, Tayal, and Kingston (1983) and Keenan, Tayal, and Kingston (1984a, b, c) used these results to derive theoretical R and G ratios, which were found to be in much better agreement with Solar Maximum Mission (SMM) and P78-1 satellite observations of solar flares and active regions than previous calculations (Pradhan and Shull 1981; Pradhan 1982; Wolfson et al 1983) . Subsequently, Tayal and Kingston (1984h, 1985 extended their earlier R-matrix calculations to transitions between the ground state and n = 2 and 3 levels in O vu and Mg xi. These data were employed by Keenan, McKenzie (1985, 1986) to develop new electron temperature diagnostics for solar flares and active regions, namely, Ri = /(Is 2 1 S-ls3p 'Pyiils 2 1 S-ls2p 1 P) and R 2 = /(Is 2 1 S-ls4p 1 P)/I(ls 2 1 S-ls2p ^^P). They found these ratios to be more temperature sensitive than the normal diagnostic for He-like ions, G, and to lead to values of the electron tem- perature T e in excellent agreement with those estimated by other methods.
More recently, Keenan, McCann, and Kingston (1987) have used the Tayal and Kingston (1984h, 1985 excitation rates in conjunction with those of Pradhan (1985) for Ca xix and Fe xxv to determine atomic data for the other He-like ions between O vu and Fe xxv. In this paper, we use the Keenan, McCann, and Kingston (1986) results to derive emission-line ratios for Ne ix and compare these with observational data for solar active regions obtained with the SOLEX B spectrometer on the P78-1 satellite.
II. ATOMIC DATA
The model ion for Ne ix consists of the 23 lowest Isnl states with n <6 and / < 3, making a total of 37 levels when the fine-structure splitting in the 3 P and 3 D terms is included. Energies of the ionic levels are taken from Accad, Pekeris, and Schiff (1971) , Bashkin and Stoner (1975, p. 334), and Godefroid and Verhaegen (1980) . Electron-impact excitation rates for transitions from the ground state to the ls2/ and ls3/ levels were taken from Keenan, McCann, and Kingston (1986) , and those between n = 2 states from Pradhan, Norcross, and Hummer (1981) . Rates for transitions to or between higher levels were either derived from the above in conjunction with the n -3 scaling law (Gabriel and Heddle 1960) or taken from Sampson, Goett, and Clark (1983) . We note that these data do not include relativistic effects, which in the helium sequence are only important for highly charged ions, such as Ca xix and Fe xxv (Pradhan 1983a (Pradhan , b, 1984 .
Einstein A-coefficients for transitions from the n = 2 and 3 levels were taken from Schiff, Pekeris, and Accad (1971), Jacobs (1972) , and Lin, Johnston, and Dalgarno (1977) , except for the intercombination lines Is 2 1 S'-ls2p 3 P 1 and Is 2 1 S-ls3p 3 P l and the two-photon decay Is 2 1 S-ls2s 1 S, where the results of Laughlin (1978) and Drake, Victor, and Dalgarno (1969) , respectively, were adopted. All other radiative rates were obtained from either Schiff, Pekeris, and Accad or Cohen and McEachran (1972) . The effect of dielectronic and radiative recombination of H-like Ne x on the Ne ix level populations was included by using the recombination coefficients of Mewe Ne ix EMISSION-LINE RATIOS 927 and Schrijver (1978) and the ionization balance calculations of Arnaud and Rothenflug (1985) .
III. RESULTS AND DISCUSSION Using the atomic data discussed in § II and the statistical equilibrium code of Dufton (1977), we calculated relative Ne ix level populations and hence emission strengths for a range of electron temperatures and densities appropriate to the solar transition region and corona. In Figure 1 , the density-sensitive ratio R =/(Is 2 1 S-ls2s 3 S)//(ls 2 1 S-ls2p 3 P 1 2 ) is plotted at the temperature of maximum Ne ix emissivity, T m = 4.2 x 10 6 K (Mewe and Gronenschild 1981) . The effect of recombination on the line ratio is clearly illustrated; it increases the R values for low N e by ~5 percent. Also shown in the figure are the calculations of Keenan, Tayal, and Kingston (1984c) , for which the R values were ~4% larger than the present results in the low-density limit. This discrepancy is due to the adoption of the improved excitation rates of Keenan, McCann, and Kingston (1986) in these latest calculations and will lead to electrondensity estimates between 0.1 and 0.5 dex lower than those deduced from the Keenan, Tayal, and Kingston (1984c) line ratios, for values of AT e in the range lO^-lO 11 cm -3 . In Figure 2 , a similar diagram is shown for the temperaturesensitive ratio G = [/(Is 2 1 S-ls2s 3 S) + /(Is 2 1 S-ls2p 3 P 1 2 )]/ /(Is 2 1 S-ls2p 1 P), where the effect of recombination can be seen to be much larger than for R, with the high-temperature ratios being increased by up to a factor of 2. The present calculations yield G values ~5% smaller than those of Keenan, Tayal^ and Kingston (1984c) ; for example, G(T m ) = 0.78, compared with 0.82 from the earlier calculations. Unfortunately, reliable esti- Fig. 1. -The theoretical ratio R = I(ls 2 í S-ls2s 3 S)/I(ls 2 i S-ls2p 3 P i 2 ) plotted as a function of electron density at the temperature of maximum Ne ix emissivity, T m = 4.2 x 10 6 K. Shown in the figure are the present calculations, both excluding dielectronic and radiative recombination (dashed line) and including recombination (solid line). In addition, the results of Keenan, Tayal, and Kingston (1984c) , which also include recombination processes, are given (line with filled circles). 3 P lf2 )V Jfls 2 1 S-ls2p 1 P) plotted as a function of electron temperature for the present calculations both excluding dielectronic and radiative recombination (dashed line) and including recombination (solid line). In addition, the results of Keenan, Tayal, and Kingston (1984c) , which also include recombination processes, are given (line with filled circles).
mates of the G ratio are unavailable for the early stages of solar flares because the Ne ix lines are severely blended with lines arising from transitions in Fe xix (McKenzie 1985; Phillips 1986 ). However, Wolfson et al (1983) found G = 0.79 during the late stages of the 1980 November 5 flare, when the Fe xix line emission was weak (see McKenzie 1985 for a discussion of these observations). This result is in agreement with the present calculations for T e ä T m , a temperature value that would be characteristic of Ne ix emissions during the declining stages of a flare.
In Figures 3 and 4 , the theoretical ratios R x = /(Is 2 1 Sls3p 'Pyiils 2 1 S-ls2p 1 P) and R 2 = /(Is 2 1 S-ls4p /(Is 2 1 S-ls2p ^ are plotted as functions of electron temperature. The 3p and 4p lines have wavelengths of 11.547 and 11.000 Â, respectively (Ermolaev and Jones 1973) . The Ri and R 2 ratios are more temperature sensitive than G, changing by factors of 2.2(R 1 ) and 3.0(R 2 ) between log (T e ) = 6.2 and 7.0, while G varies by a factor of 1.6. Furthermore, recombination is not as important in determining the R i and R 2 ratios as it is for the G ratio (compare Figs. 2, 3, and 4) . Therefore the latter ratios are less dependent on whether or not the plasma is in ionization equilibrium. The log (T e ) range from 6.2 to 7.0 comprises the range in which the Ne ix ratios are useful as temperature diagnostics for the solar corona. At lower temperatures, the Ne line emissivity is low, and at higher temperatures the ratios depend only very weakly on temperature.
The Is 2 1 S-lsnp 1 P, n = 2, 3, and 4, emission lines in Ne ix have been observed in solar active regions by the SOLEX B X-ray Bragg crystal spectrometer on the P78-1 satellite (McKenzie et al. 1980) . We have analyzed a spectrum constructed by summing a total of 271 spectrometer scans, all observing nonflaring active regions, obtained in 1979 MarchNovember. The data-reduction procedures are discussed by McKenzie and Landecker (1982) . Unfortunately, the Is 2 1 Sls3p 1 P and the Is 21 S-ls4p ^ lines are both blended in the SOLEX data. The 3p line is partially blended with a KEENAN, McKENZIE, McCANN, AND KINGSTON Vol. 318 928 Fig. 3. -The theoretical ratio ^ = I(ls 2 'S-lsSp'Pyiils 2 'S-lslp'P) plotted as a function of electron temperature for the present calculations both excluding dielectronic and radiative recombination (dashed line) and including recombination (solid line).
line at 11.529 Â that has been identified as Fe xvm 2p 5 2 P 3/2 -2p 4 ( 3 P)4d 2 1^3/2,5/2 by Gordon, Hobby, and Peacock (1980). This blend is easily resolved in the analysis. However, the 4p line is unresolvably blended with the Na x resonance (r) line at 10.994 Â, and a second, unidentified, line at ~ 10.98 Â makes a minor contribution to the blend. Fortunately, the Na x forbidden (/) line is not blended in the spectrum, and it can be used to infer the r line strength by using values of r and G for Na x that are obtained by interpolating between observed values for Ne ix and Mg xi. Thus, we determine the Ne ix 4p line strength by first resolving the line at 10.98 Â to determine the total flux in the Ne ix/Na x line blend, then using the Na x/line flux with the interpolated values of G and R to subtract out the r line contribution. The complexity of this process results in relatively large uncertainties in AE 2 -Performing the analysis described above, we find = 0.088 ± 0.004 and R 2 = 0.027 ± 0.007. From Figures 3 and 4 , we therefore find log [r^)] = 6.28 ± 0.02 and log [T^)] = 6.29 ±0.10; these values are in good agreement. In addition, we have measured G and R for 70 individual spectra, each a sum of several spectral scans. This larger data set includes those spectra used in the R x and R 2 analysis. The average values obtained from these spectra are G = 0.89 ± 0.01 and AE = 3.22 ± 0.05, where the quoted errors are the standard deviations of the means. The average G value corresponds to log (T e ) = 6.43 ±0.01, which is in good agreement with the Accad, Y., Pekeris, C. L., and Schiff, B. 1971 , Phys. Rev. A., 4, 516. Arnaud, M., and Rothenflug, R. 1985 , Astr. Ap. Suppl, 60,425. Bashkin, S., and Stoner, S. O. 1975 values obtained from R t and R 2 . The average R value is only slightly lower than the low-density limit value of 3.31 in Figure  1 ; active-region densities are expected to be in the low-density limit for this ratio. In fact, since the AE ls .R 2 , and G ratios all give temperature values lower than T m [log (7^) = 6.62], we expect the low-density limit on R to be lower than that plotted in Figure 1 (Keenan, Tayal, and Kingston 1985) . Therefore, the calculated value of R in the low-density limit is in excellent agreement with the observations. These results provide experimental support for the accuracy of the atomic data and the techniques used to calculate the line ratios.
In the future, we intend to apply this work to other members of the He i isoelectronic sequence, such as Si xm, and S xv, for which the atomic data are currently being derived (Keenan, McCann, and Kingston 1987) . These calculations should allow us to remove discrepancies between theory and observations that exist for these species (Wolfson et al 1983) .
